History and Examination. This 5-month-old boy presented to our emergency department with a 3-day history of lethargy and emesis. His anterior fontanel was soft and flat, and he was awake and alert. Although his pupils were equally round and reactive to light, he did Pineal tumors are rare neoplasms that are categorized into pineoblastomas, pineocytomas, and pineal parenchymal tumors of intermediate differentiation. Pineal anlage tumors are primary pineal tumors with neuroepithelial and ectomesenchymal differentiation and without endodermal differentiation. The authors review the literature and report the case of a 5-month-old boy with a pineal anlage tumor. This is only the sixth case of a pineal anlage tumor reported in the English-language literature adding to the understanding of this tumor's presentation, immunomorphological and molecular characteristics, embryological origin, radiological appearance, treatment outcome, and prognosis.
T umors of the pineal gland represent less than 1% percent of all brain tumors. 7, 8 Neoplasms originating primarily from the pineal parenchyma include pineoblastomas, pineocytomas, and pineal parenchymal tumors of intermediate differentiation. 1 Pineoblastomas are highly malignant tumors found in children and are categorized by patternless sheets of small cells with dark nuclei, high nucleocytoplasmic ratios, and very little cytoplasm. 1, 11 The presence of small, well-differentiated tumor cells with eosinophilic cytoplasm and rosette formation are classic features of pineocytomas, a less aggressive pineal tumor that is most frequently diagnosed in young adults. 1, 11 Pineal parenchymal tumors of intermediate differentiation display a cellular arrangement that is less dense and mitotically active than pineoblastomas but with limited differentiation or rosette formation compared with pineocytomas. These tumors are also typically seen in young adults. 1 Pineal anlage tumors can be differentiated from these other pineal tumors in that they have neuroepithelial and ectomesenchymal differentiation without endodermal differentiation. The pineal anlage tumor is an extremely rare type of pineal tumor that has only recently been mentioned in the WHO classification system, but it is not classified as a separate entity. 3 Schmidbauer et al. 12 first described this tumor class in 1989, reporting the case of a 9-year-old girl with a primitive pineal tumor. Although only a few cases have since been reported, most studies have shown that pineal anlage tumors include immature cartilage, skeletal muscle, and pigmented cells as well as Homer Wright and Flexner-Wintersteiner rosettes. 1, 7 Patients with this type of tumor have typically presented with symptoms of hydrocephalus, but some have presented with spasticity and ataxic gait. 5, 7, 12 Patients with pineal anlage tumors have previously been given a prognosis similar to those in whom a pineoblastoma has been diagnosed. 1 Including this case, only 6 cases have been reported thus far, so the significance, prognosis, and treatment of pineal anlage tumors compared with pineoblastomas are uncertain. We review the clinical presentation and histopathology of our case and the known historical cases of pineal anlage tumors as well as the embryological theory as to how these tumors develop.
demonstrate downward gaze preference, but not a true Parinaud syndrome. A CT scan with contrast revealed a 4 × 2.5-cm enhancing pineal cystic mass with triventriculomegaly. The patient was admitted to the pediatric intensive care unit, and a ventriculostomy catheter was placed for obstructive hydrocephalus. A brain MR imaging study was performed and revealed a large multilobulated heterogeneous midline mass centered at the level of the pineal gland ( Fig. 1A and C) .
Operation. Three days after admission, the patient was taken to the operating room for an endoscopic third ventriculostomy and an endoscopic biopsy of the pineal mass. Pathology from the initial biopsy was consistent with a pineoblastoma, and the patient was taken back to the operating room 11 days later for a right occipital transtentorial craniotomy and pineal tumor resection. Postoperative MR imaging confirmed that the tumor resection was complete.
Pathological Examination. After the initial endoscopic biopsy, a fresh 0.6 × 0.3 × 0.1-cm tumor sample was sent to the pathology department. Paraffin sections showed poorly differentiated, somewhat monotonous infiltrative malignant cells with high nucleocytoplasmic ratios, increased apoptosis, and numerous mitotic figures, consistent with a primitive pineal neoplasm resembling a pineoblastoma. The tissue was immunoreactive for synaptophysin and myogenin and displayed high Ki 67 cell proliferative indices (up to 80% in areas of high cell density such as the pineoblastoma-like component). No other heterogeneous elements were identified with certainty at this stage in the small sample available.
The resected tumor measured 3.0 × 2.0 × 2.0 cm and weighed 4.8 g. In addition to the pineoblastoma-like morphology that was seen on initial biopsy, this tissue displayed areas with 4 new unusual mixed components (Fig.  2) . These included clusters of tubular structures lined by primitive neuroepithelium containing neuromelanin that stained negative for iron indicating absence of hemosiderin (Fig. 2F) ; a focus of mesenchymal differentiation in the form of cartilage (Fig. 2E) ; a glioneuronal component that was immunoreactive for GFAP, NFP, and NeuN markers indicating astrocytic and axonal/neuronal elements (Fig. 2D) ; and a spindle-celled component that clearly demonstrated muscle differentiation and was immunoreactive for desmin ( Fig. 2C and H) . No FlexnerWintersteiner rosettes were seen. Given a primitive tumor with mixed components in a patient of such a young age, an atypical teratoid rhabdoid tumor was considered in the differential diagnosis. However, immunostaining for BAF47 (INI-1) showed retained nuclear expression throughout the neoplasm, which ruled out molecular alterations typical of atypical teratoid rhabdoid tumor (Fig. 2G) . Also, there were no MYC amplifications or i17q by FISH studies, which are typically seen in primitive neuroectodermal tumors. These findings confirmed that this tumor was a distinct entity despite resemblances to other embryonal neoplasms of neuroectodermal differentiation or those of germ cell differentiation. A diagnosis of pineal anlage tumor was made.
Postoperative Course. The patient was treated with 5 cycles of chemotherapy over the course of 4 months (Headstart III, regimen D2). Cycles 1, 3, and 5 included cisplatin, vincristine, cyclophosphamide, mesna, etoposide, methotrexate, leucovorin, and filgrastim. Cycles 2 and 4 included temozolomide, vincristine, cyclophosphamide, mesna, etoposide, and filgrastim. At 1-year followup, the patient remained with significant developmental delay and was nonverbal and nonambulatory. Grossly, he moved all extremities well and had normal extremity tone. Brain MR imaging with Gd continued to show no evidence of tumor recurrence (Fig. 1B and D) .
Discussion
The pineal gland develops as an evagination of the posterosuperior diencephalic roof. It begins as cellular anterior and posterior anlagen surrounding a diverticular extension of the third ventricle. With their fusion, the lumen of the pineal diverticulum is cut off, forming an intrapineal cavity called the cavum pineale. This is lined by ependyma and subependymal glia. In the fetus, 2 neuroectodermal cell types are identified. The first are called pinealocytes and are composed of small dense and large pale parenchymal cells. The second are astroglial cells, which form a stromal matrix in the pineal gland. 2, 10 In embryology, anlage is the primordium and is the initial clustering of embryonic cells that serves as a foundation from which a body part or an organ develops. The term anlage has a German origin and literally refers to the act of lying on. Pineal anlage tumors have the characteristics of a pineoblastoma, but they contain mesenchymal features that suggest a mesodermal origin of the tumor. Most mesenchymal structures in the head and neck, however, are not derived from the mesodermal germinal layer, but from the neural crest, which is part of the ectoderm. 6, 12 Schmidbauer et al. 12 first described a case of a pineal anlage tumor 20 years ago (Table 1) . They presented the case of a 9-year-old girl with a pineal tumor that had a broad spectrum of neuroectodermal differentiation as well as striated muscle fibers, which indicated ectomesenchymal differentiation. They proposed that this was explained by the close topographic relationship between the neural crest and neural tube on the prosencephalic level of the pineal anlage. 12 Several other cases of pineal anlage tumors have been described since Schmidbauer et al.'s first case. In 1990, Raisanen et al. 8 published the case of a 1-year-old boy who presented with emesis, developmental delay, and seizures. A head CT scan revealed hydrocephalus and a large, cystic, partially calcified pineal region mass. He was taken to the operating room for a craniotomy and tumor resection. The mass was composed of small, undifferentiated cells with scant cytoplasm. It contained Flexner-Wintersteiner rosettes, immature skeletal muscle fibers, immature cartilage, and abundant melanin ( Table  2) . Transthyretin was present in epithelial-like cells, and retinal S-antigen was present in some neuroblastic cells.
In 1992, McGrogan et al. 7 described the case of a 9-month-old boy who developed progressive hydrocephalus and ataxic gait. He was found to have a large heterogeneous mass in the posterior fossa causing hydrocephalus. A ventriculoperitoneal shunt was placed, and the patient was treated with radiation and chemotherapy. The child died 9 months later. Histopathology revealed hyaline mature cartilaginous structures, melanocytic cells arranged in nest, follicular, and tubular structures, and small rounded cells with scanty cytoplasm and round homogeneous chromatin nuclei. Homer Wright rosettes were present and the tumor stained strongly with S100 protein and vimentin and stained faintly with neuron-specific enolase.
In 2005, Gudinaviciene et al. 5 described the case of a 10-month-old boy who presented with bilateral lower-extremity spasticity, coordination difficulty, and a history of developmental arrest. He was macrocephalic and had difficulty holding up his head. He was found to have a large pineal tumor that caused obstructive hydrocephalus. His tumor was resected and histologically was composed of disorderly arranged mature neuronal and glial cells. The tumor was positive for GFAP, synaptophysin, and neurofilament. Immunohistochemistry for MIB-1 showed a very low labeling index. His tumor had melanin-containing cell clusters, but there were no immature components. The authors could not unequivocally classify the tumor into any current classification and believed it most closely resembled a pineal anlage tumor. 5 In 2006, Berns and Pearl 1 reported a case of a 9-monthold boy who presented with a pineal anlage tumor without CSF or spinal metastases. Histological sections showed prominent areas of primitive cells with hyperchromatic nuclei and scant cytoplasm. Some of the cells contained melanin and were embedded in a chondroid matrix. Homer Wright and Flexner-Wintersteiner rosettes were seen, and no rhabdomyoblasts, striated muscle cells, or pineocytomatous rosettes were present.
We now present the sixth case of a patient with a pineal anlage tumor. Similar to the other cases, our patient presented with symptoms of hydrocephalus. He presented at 5 months of age, which, with the exception of the first case described by Schmidbauer et al., 12 is consistent with the presentation of a boy younger than 1 year old. Radiological studies revealed a pineal tumor that was resected and then treated with chemotherapy. Our patient has done well for over a year now and does not show any signs of recurrence. This appears to be the longest follow-up described for a patient with a pineal anlage tumor.
Our patient underwent a gross-total resection, and the pathology showed some features of a pineoblastoma.
However, it also contained areas with neuromelanin and a glioneuronal component indicating neuroepithelial differentiation, as well as cartilage indicating ectomesenchymal differentiation. A recent study has suggested that extent of resection improves clinical outcome for patients with pineoblastomas. 4 It is unclear, however, how the prognosis of patients with pineal anlage tumors compares with that of patients with pineoblastomas after treatment, although the immature components of this tumor type may make it a more aggressive tumor. Further cases and more clinical follow-up are needed to clarify this issue.
Teratomas enter the differential diagnosis for midline neoplasms, but, unlike pineal anlage tumors, which lack endodermal differentiation, teratomas have components of all 3 germ layers. Atypical teratoid rhabdoid tumors may also be included in the differential diagnosis, but they are morphologically distinct, are mostly found in the posterior fossa, and have a distinct molecular abnormality in the form of a deletion of the INI gene. They also do not contain a well-differentiated mesodermal component as seen in this case. Similarly, a primitive neuroectodermal tumor with mixed or metaplastic elements is another consideration, but we excluded that possibility using FISHbased molecular methods that ruled out MYC amplifications and i17q. Melanotic neuroectodermal tumors of infancy, also known as "retinal anlage tumors," display melanin-containing cell clusters as seen in our patient. However, these tumors are usually found in infant jaws. 5 There have been rare reports of intracerebral melanotic neuroectodermal tumors of infancy, but unlike the tu- 9 Pineal anlage tumors may resemble other pineal tumors in terms of presentation and radiological appearance, but are clearly distinct lesions pathologically. The clinical consequences of such differences are yet to be determined and could affect treatment and overall prognosis. Adequate tissue as well as clinical suspicion is necessary to make the appropriate diagnosis.
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